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(1) 2006年 4 月、10月以及2007年 3 月、8 月对黄海开展了四次海上调 
查。其中，8 月 和 1 0月，黄海冷水团盘踞黄海槽海区，强大的温盐跃层阻断营 
养盐的垂直交换，微型生物胞外酶在温跃层以上水层的活性明显高于下层，而在 





(alkaline phosphatase activity, APA) 在 2007 年 8 月最高，2006 年 4 月和 10 月 
其次，2007年 3 月最低，且 APA的粒级组成也有时间上的变动，2006年 4 月以 
游离态为主，但其它3 个航次中APA的粒级组成差异较大，没有明显的规律性， 
APA的时间变动可初步反映出浮游生物的磷胁迫在8 月最强而在3 月最弱。两 
种细菌胞外酶（P-葡萄糖苷酶和亮氨酸氨肽酶）均以微微型粒级（0.22-3 i^m) 为 
主，虽然两种胞外酶的活性随时间变动规律并不相同，但都在2007年 3 月最高， 
表明 3 月黄海的细菌活性相对较高。 u  l U
黄海微型生物胞外酶活性的调控机制较为复杂，受多因子（包括温度、盐度、  ^
















(2) 2007年 4 月，对黄海春季水华高发区开展海上调查。大面观测为水华 
过程的研究提供背景场数据。海区的碱性磷酸酶、P-葡萄糖苷酶和亮氨酸氨肽酶 
的活性分别为 4.97±4.95、0.21±0.15 和 36.50±33.71 nmol L_1 h_1, 此时，黄海暖流 
依然存在，暖水舌区的胞外酶活性要比未受暖流影响海域（主要是受沿岸流影响 







(3) 2007年 2 月 （冬季 )，东海碱性磷酸酶、 -葡萄糖苷酶和亮氨酸氨肽 
酶的活性分别为6.92士6.37、0.88±0.89和 均 低 于 冬 末 春  





















Extracellular enzymes, which can react outside cells, play an important role 
during the cycling of carbon and nutrients. In this dissertation, the study on microbial 
extracellular enzymes (alkaline phosphatase, p-glucosidase activity and leucine 
aminopeptidase) was carried in the Yellow Sea and the East China Sea. Temporal and 
spatial variations of their activities and influencing factors were analyzed, and the 
effect of mesoscale physical processes on their activities was also formulated. 
Variations of microbial extracellular enzyme activities during the spring bloom were 
also studied using both field survey and tracking of algal bloom process, and the 
mechanisms of microbial response to algal bloom were discussed. The main results 
were as follows:
(1) Activities of three microbial extracellular enzymes were measured during 
four cruises in April and October 2006，March and August 2007, respectively. The 
vertical transfer of nutrients was interdicted due to the strong stratifications of the 
Yellow Sea Cold Water Mass (YSCWM) in August and October. The activities of 
three extracellular enzymes in upper layers were higher than thsoe in under layers of 
the thermocline. However the vertical difference of activities was weak in the region 
without stratifications, which was the same as the results in March and April cruises. 
Distribution of microbial extracellular enzyme activities was greatly effected by 
YSCWM.
The temporal variations of microbial extracellular enzyme activities during the 
four cruises in April and October 2006，March and August 2007 were compared. The 
alkaline phosphatase activity (APA) was the highest in August 2007, and lowsest in , 
March 2007, which meaned phytoplankton community suffered the severest 
phosphorus stress in August 2007，while the mildest in March 2007. p-glucosidase 
activity (GA) and leucine aminopeptidase activity (LAPA) in March 2007 were higher 















Microbial extracellular enzyme activities in the Yellow Sea were influenced by 
many environmental factors, such as temperature, salinity, nutrient concentrations and 
their ratios, dissolved oxygen, Chi a and bacterial abundance. The effectiveness of 
factors varied with different areas and water masses. But temperature was the 
significant factor for regulating the APA, GA and LAPA.
(2) The APA, GA and LAPA in the high frequency area of the spring bloom in 
the Yellow Sea were 4.97士495，0.21±0.15 and 36.50土33.71 nmol L'1 h"1, respectively, 
which were the background value for spring bloom. The activities in the region of the 
Yellow Sea Warm Current (YSWC) were lower than those in other regions, There 
were significant negative relationship between APA, GA, LAPA and temperature， 
which suggested that YSCWM greatly affected the spatial distribution of microbial 
extracellular enzyme activities.
Extracellular enzyme activities increased during the decline stage of algal spring 
bloom, but the activities then decreased gradually to the background value. There 
were not significant relationship between extracellular activities and environmental 
parameters during algal bloom process. Microbial community composition and the 
bioavailability of dissolved organic matters might be responsible for the variations of 
extracellular activities during the algal bloom.
(3) The APA, GA and LAPA in the East China Sea in February 2007 was 
6.92土6.37，0.88士0.89 and 43.08±45.94 nmol L'1 h'1, respectively, which were lower 
than those in the Yellow Sea in March 2007. The hydrological condition in the East 
China Sea was complex due to the influence by China Coastal Current, Kuroshio and 
Taiwan Strait Warm Water, which induced the much integrated relationship between 
extracellular enzyme activities and environmental parameters than that in the Yellow 
Sea. Microbial extracellular enzyme activities were greatly influenced by mesoscale 
physical processes in the East China Sea. The value of APA, GA and LAPA generally 















and the activities of microbial extracellular enzymes showed great difference in surface and 
subsurface layer of Taiwan Strait Warm Water. The microbial abundance and the 
bioavailability of dissolved organic matters might be the direct factors influencing the 
activities of microbial extracellular enzymes.
Key words: Microbial extracellular enzyme activity, Influencing factor, Mesoscale 


















AP Alkaline phosphatase 碱性磷酸酶
APA Alkaline phosphatase activity 碱性磷酸酶活性
DIC Dissolved inorganic carbon 溶解无机碳
DIN Dissolved inorganic nitrogen 溶解无机氮
DOC Dissolved organic carbon 溶解有机碳
DON Dissolved organic nitrogen 溶解有机氮
DOP Dissolved organic phosphorus 溶解有机磷
DOP Dissolved organic phosphorus 溶解有机磷
EEA Extracellular enzyme activity 胞外酶活性
GA B-Glucosidase activity 13-葡萄糖苷酶活性
LAPA Leucine aminopeptidase activity 亮氨酸氨肽酶活性
Leu-MCA Leucine-7-amido-4-methylcoumarine 亮氨酸-7-氨基 -4-甲基 香豆素甲苯磺酸盐
MCA 7-amido-4-methylcoumarine 7-氨基 -4-甲基香豆素 甲苯磺酸盐
MUF 4-Methylumbelliferyl 4-伞基酮
MUF-G 4-Methylumbelliferyl glucose 4-伞基酮葡萄糖
MUF-P 4-Methyumbellyferyl phosphate 4-伞基酮磷酸盐
P Phosphorus 磷
POM Particular organic matter 颗粒有机物
POC Particular organic carbon 颗粒有机碳
SNP Soluble nonreactive phosphorus 溶解态非活性磷
SRP Solube reactive phosphorus 溶解态活性磷
TDN Total dissolved nitrogen 总溶解态氮

















微型生物是指粒级小于200 p m 的一大类生物类群，包括病毒、异养细菌、 



















图 1 .1微食物环的结构及其与经典食物链的关系（引自宁修仁a，1997) 

















机 碳 （dissolved organic carbon, D O C )转换成颗粒有机碳（particulate organic 








如 表 1 .1所 示 （戴聪杰，2006) 。
表 1 .1微食物环中浮游生物类群的组成 
Table 1.1 Composition of the microbial food loop






( 0.2-2 jxm) 异养鞭毛虫 微微型浮游植物
Nano-级 异养鞭毛虫 微型粒级的浮游植物
(2-20 fxm) 无壳纤毛虫 自养鞭毛虫
Micro-级 无壳纤毛虫、砂壳纤毛虫、阿米巴、 较大的硅藻异养腰鞭毛虫、轮虫、烧足类幼虫、
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